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ON NEW METHOD OF BUILDING DAMS. 


rich placer gravel is found in the: well defined channel of a an ancient — 


; riv er bed, which was elevated as the mountains rose, and left high and — ae 


. 3 dry upon the summit of the ridge. It is not the intention to go into 
l f thi far 
the geology o this ‘Fegion, its ancient history, exe except sofar 


4 
Be: it bears upon the « engineering features of the work. 
The general course of the old river, at the point under consideration, — "* 
was nearly southwest. t. Coming: as i it , did from th the > north or no northeast, — = 
it left, with ; perhaps other gold- bearing streams, deposits of auriferous ae ” 
grav vel scattered over the Mojave Desert, and had its mouth some 10 br’ 
to 15 miles south of San Antonio Peak, when the great San Gabriel — if 
alley, which i is the town of Pasadena, and a also the country around 


Les Angeles, were still ‘under | the w: waters of the ocean. Whether these 
southern rivers were the lower portions, and whether here were situated a Dy 


the he mouths of part of the great ancient 1 river system of the ‘North, 


which has p produced so much placer gold, : it is not necessary for present «OS 


purposes ti to es nsider. . Yet it is interesting to observe some of the 

well defined 1 river mouths on the southwent slopes of the ranges in _ 


California, where gold-bearing gravel has been deposited 


over € thousands of acres, to a depth of from 300, to 500 m. » in wall 


’ defined o ocean bays. ‘This gravel is ‘mixed w with all kinds of ‘marine 
shells, some immense oyster beds» in these e deposits now lying from > 

i one to 3 000 ft. above the present sea level, and it may not be out 


of place to no note, as has been demonstrated from well 


one e of these bay deposits, that of the San Feliciana, in 
y, about 40 miles north of the city of Los “Angeles, by y 
Spr from six to sixteen years before the much glorified Marshall hall 


 Topogr ‘aphical Features. —The topography of that ‘portion « on of 


= ridge o on which the old channel was raised has almost entirely changed - 


during the ages since the upheav: als. ‘The ‘elements: have worn away 
the greater part of the o old channel. Th There are recent ent gulches- 

~ across and perallel with th the old stream, | and most of the country s sur- <A 
Spending its course lies below the ] present level of its bed- rock. — In 
three places t the old bed is left. One is where it passes through a a gap 

robe een two hills, and both ante a the ame er are tet with the gravel 


some 80 ft. deep between them. " In another but one bank and a por- 
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m rock remains on the steep si e of wae a 


The third is isa wen piece of the bed- sig with deep gulches on oveny: 

‘side, and this capped with a cone of gola- bearing gravel; while in the 


long gulch, that has cut diagonally across the old river, has been — 
formed a secondary d deposit of gravel and gold, washed down from the — 


The | Water r Supply.— —Although things 8 are required, the one 


essential for the operation of placer mining is plenty of water. jé While, 
as remarked, the gr gravel was left high and dry, ¢ a water - supply had been — 


_ provided by Nature about 2.5 miles distant under the summit of San 


Peak. On the south side of the range, at previous 


=f time, the side of this mountain slid down toward the se sea, leaving a 

tipped- basin with apparently a solid rock bottom and with high 

- mountain walls on all sides save one, and covering an area of some 


1200 to 1500 acres, the lower edge of the basin being about 2 200 ft. 4 | 


below the summit of the mountain. iv This basin hes been gradually 


= with débris from the mountain oe consisting of broken rock — 
and earth, and part of its surface i 


Although within sight of the onange groves of Pomonaand Ontario, 


4 some 15 miles distant, in the » valley below, | these mountains are covered 


Over six months i in the year with heavy banks of snow. _ The weather is , 


© 
* not severely cold during the the whole of the he winter, ye yet ata an n elev ation of 4 
4 


‘and almost a as | cold as any in the higher olen of the ) Rocky ie : 


4 tains or in the Dakotas. “Into | this great basin, the snows drift” and 4 


4 pack during the w winter, and even under a southern California sun re- = : 


‘main until late in July. the lower of the basin, at ; the head of 
San Antonio Creek, burst out springs, which form the s source of the } 


The Reservoirs and Pipe] Line. —The water from thane flows 


gorge. vater er and ‘turn i it im into head of: he pipe a 
small reserv rvoir or ¢ catch basin wa was built. ne 


‘The débris was simply leveled o off ‘ACTOSS ‘the ie gulch, about 60 ft. yg 
q a bottom of fine broken granite rock, with ‘the rock 4 
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ON ON NEW METHOD 


bo wi log dam 6. 
owi ‘From a cut in a the slate wall a pine | log da am 


3 


aa the fine broken rock filled back agsinst the waste gate 


: was left through’ the dam a at the lower corner opposite the pipe entrance. pet 
_ iy In considering the methods of construction of this whole work, the (i 


"fact we ia = mind om the of to hydraulicked, = 


— tom more re permanent structures. ‘The head of the p pipe was yun 

, _ through the planking between the logs, with as strainer on the end to 


will be econ that in 1 this sm small basin there were five kinds of 


om of finely broken stone, , after being well rammed, to be aida 


1 joined water-tight t to slate, granite and nd planking, ai and the eel 
e joined to’ the iron pipe. - This was s done by covering the whole- 


inner with tw vo coats of thoroughly asphalt paste, 


‘California asphaltum and 1 part of erude petroleum, without sand, 


boiled together until w hen cool it formed a a tou: yuzth -rubber-like pa paste, 


‘This taghals paste was made of 4 parts of the very best trot 
= 


foundation or walls. 
rock and ‘timber was thus Samed. this a perfect j joining 


= and aise after two summers and one severe winter, is in aan : 
condition a and well adapted for the uses the only repairs being 

the addition of a few ¢ quarts of asphalt last spring. Further reference 
i to this 1 w ork will be made i in the ee of the ‘een monet i 


reservoir or penstock, 2 miles, was 
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STANT TON ON METHOD BUILDING 


ry 


o maintain a ditch or fume on account of the snow and rock slides 


2.5 to. 4 ft. cut it along side, andi in 


in n which wi was 4s laid the the pipe, but along. the e cliffs in n solid rock ock the 


whole bench was cut out to the bottem level of the trench. For a 


tance: of of some 200 ft. at one point, a half tunnel was cut cut in the ten face of a 


One feature of this work is s worthy of note, as as ¢ causing extra expense 
in construction. = On account of ‘the rock and snow slides from above, 


¢ it was necessary to cover completely this pipe f for protection, port 
owing to the very ry steep mountain sides almost eve every particle o of the 
ne material | excavated was lost in the ravines below. | z Hence to cover the 


pipe new material had to be excavated, ar and this, especially | along the 4 
faces, increased considerably the expense of the work, 


+, 


At three points the pipe is s exposed i in carrying it ac cross steep § and 


“Barrow y gulches, this plan being considered cheaper 1 at these places even 7 
. if if the line had to be replaced, and extra” pipe was provided and left on = 


he ground for thet parpess. _ Across these gulches were built simple 3 


™ lattice spans 32 and 64 ft. in length, resting | on trestle bent abutments. yee 


a _ The spans were built of rough mo mountain pine lumber, the > top and corre 


1 ie tom chords being composed of one line of 2 mi 12 -in. plank faced with 7 
wo lines of 1 x 12-in. boards brea ing join 8, 2 and latticed and brace 
two lines of 1 x 12-in. boards breaki ts, and latticed and braced — 
r 
1 x 6-in. boards all Sagether with wire nails. ‘The 


GA ft. 7 was 6 ft. i in height and 4 5 ft. in width, all of the material } a 


7 “) like the } pipe, being transported for n nearly 2 miles on men’s backs, ae 


4 is | described a little farther on. This mated « of construction, though 
rough and 


entirely satisfactory for the purposes intended. 


of 40 f ft. per mile for first ft., the “remainder being on on 


ented of 16 ft. per mile, pamyt the last 1 500 ft. which was 26.4 ft. per 


_. ‘The first 1 800 ft. of pipe w was 12. ins. .in diameter, 2 000 ft. . was 0 


- ins., and the balance was 8 ins. in diameter. ed Cross aod waste valves: a a 


prov ided at the upper and lower ends and at the head ofthe 8-in. 
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"pipe. Air were placed about a 200 ft. “apart slong the whole 


= of the line. After « careful examination of the g gulches to be — 
rossed, etc., it was estimated that the pipe could be laid more orecheaply — } 


* such a continuous s grade, and it could be com letely emptied of all % y 
water in winter without the use of so many expensive valves as would a 
“have been necessary the gulches had been crossed by descending 
to them. — It may here b be remarked that | the size of this pipe aia me not 
meet the a approv val of the a author on account a of the fact that, although - 


me carries all the coming from the in in 


“April, May and June to g go o to waste. ma _ The capacity of the pipe should — 


“have been such as to carry y nearly all. of this early melting snow, SO as 


i to work the n mines 1s at the greatest advantage and to the full capacity of 


_ the water during the early 1 months, thus getting maximum results for 


- the whole year. _ But he was overruled by ‘the t treasurer of the omeuny a 


‘The pipe, valves, ‘material for 1 laying the pipe, timber for da am and 
"bridges, and asphaitum for reseevoizs were all delivered by y wagon a at 
the lower end of the | pipe line. th order to distribute this pipe along 
line line, and the material for small reservoir and bridges, resort 
> was had to ) primitive means of transportation . The weight of all I this 
~ material, including the pipe pe from the penstock t to the 2 mines, Was @ 
a "proximately 100 100 tons. This 100tons had to be carried on men’s should 


to an average distance of 1.25 miles along a narrow path on this 


steep mountain: side. and around cliffs where a mis- step 
‘Although the has hed 1 some experience with ‘the 

- Canadian voyageurs in the pathless: forests north of the Canadian Pac ific 


Railroad, and i in portaging heavy supplies around portions of western 


_ ‘pen of transporting in this primitive manner 100 tons of bulky n mate 


g rivers, it had never fallen to his lot to experience the di —_— or ex 


i= rial even the short distance of 2.5 miles, especially over such a steep — 


- side hill trail se en ‘the time drew near ¢ to > begin this part of of ae 


“have been i to lose the grading force. There came near 


being: a rebellion men | “this work, for the 


— 


sof the was sent t down to secure the aid of some » Mexi- 
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can Indian Adozen of them were > brought “up and set to 


work. They worked all of one day and then, with two exceptions, 
3 
vanished down the mountain during the next night without asking for 
their day’s pay. As second attempt was more successful, and a larger ~ 
i oe of Mexicans was as secured, that remained to complete the work. — 


ps sme days’ trial, with a young engineer who spoke Spanish as 


Tt was thought ‘to save the expense of the to set 


packers a a task, a custom foll lowed largely in handling Mexican work-. 


_ men. § Sixteen miles a day as taken as a basis + fee next day y they 
began with this task and they were comfortably seated | ‘around their — 
camp fires by three o’clock in the afternoon, working in this w way. 3 
Two o of the men would ta take betwe een the ome — of pipe weighing 210 
= and along from 0.5 
a heaviest was: packing the 12-in. cast-i -iron gates to the ‘outer: 
5 poservele. After t r taking them n apart, the largest pieces s weighed 425 Ibs. ; 
/ : these had to be carried in the same manner over the same trail the full 
on miles. . Four: men went with each piece at one time. T Two of the 
re a would carry it sw ung between them on a pole on their shoulde 
“from 500 to 1 000 ft. _ according to the nature of the trail, ,and then give 
it to the other two, thus 3 alternately carrying it the 2 miles 
_— is rather a remarkable fact that on the Pacific fic Coast where ad 
- much of this light sheet- iron pipe is is used, that manufacturers have not 


_ madea much lighter water r gate t to go with it. Nowhere among the 


en 

rs 


water g gates except the ordinary cast-iron gates ‘used with heavy 


pipe manufacturers i in San Francisco could any iything be 


d 

a One of the most difficult parts 5 of sind ork in laying: this } pipe was 
__ where the line passed over an an immense rock slide that | came from E 


000 ft. above the line ond extended many more below. The top 


10 to 15 ft. of the slide was eating portion that ‘kept gradually . | 


_ sliding. After moving hundreds of tons of this material the ditch 4 


then adopted of running in the trench for one length o of pipe, 20 


= t., covering that up completely t to the natural tural slope of the slide, and — 


seemed d just as far from completion on when it was begun. yun, The 
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of 16 miles per day over such a trail, that is, 8 miles out loaded and 
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STANTON ON NEW METHOD OF BUILDING ams. 


cavating for the next section allowing tl the loose 


eet some assistance from the men, to form a rough arch red Pe 


into the slide above that p portion being in this manner the 

- pipe was successfully laid laid, a section at a at a time, down in the in the more solid 
portion of the slide, that apparently had not moved for or years. It It was — 
dangerous wo ork, for in driving the joints the heavy blows of the maul - 


_ shook the whole slide. The a The author stood on the bank and watched ‘ 


a movement of of the slide while the workmen were down i in the ditch. ‘oe 
’ 

cand many times. to give the. alarm for the men men to jump for their 


I th th: h thi lid the ove to es were 
n In covering up tl e he pipe thr roug is slide cov ering ston r B. 


selected and | laid 80 as to form a complete dry: arch over the pipe. 


Last winter ‘entirely obliterated the line of Ww work on top of the ae 
after nearly two years the pipe itself is in con- 


The Pressure Reservoir. -.—This reservoir was built for two pore 
poses : | First, as a penstock | at the head of the pressure pipe to the i 


" mines; sccond, a reservoir to hold the ) water for some hours, during 


the latter part of the season, when the su supply wi was limited. It is not 


the size or capacity of this reservoir that calls for special atten- 
tion. Very small results if ‘they ‘demonstrate may be more 


instructive: than z enterprises with questionable outcomes. 


‘Plans were fe made f for a larger reservoir, but only the battens: por- 


tion was built with a ‘capacity of some 330 000 galls., while ifcompleted 
m to its full height the capacity would be 3 000 000 galls. pes ter 


‘This reservoir was formed at the head of a gulch on a thickly 


timbered part of the ridge a above the n mines. A semi- -circular dam was 


- built across the gulch, of a a single thickness of large pine logs, with : 


sawed on radial bathed close together, forming an 
with a slight batter 1 up Each 1 row yw of separated 


dam and | extending up uP into the reservoir. As these were put i in 


a a bank | was formed ‘on n the upper side o: of the timber, « of earth and 


broken rock well tamped i in around the logs. _ This material came from 


out the to form the bottom « of the reservoir, and was 
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| water system was completed without the least accident toanyof the 
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METHOD OF BUILDING 


“attempt being to form a water- tight or water. hol ling dam of 
- this material. The slope « on the upper side of this dam « was one and 
one-half to one, that on the sides of the reservoir being two to one for 
‘convenience, not from The depth of the bottom of 
the reserv: built was 12.5 ft. 


It may be explained here here that i in order t to form the er ieee 


was intended to dump over the present dam, and tamp in i. 


“betw een the present and a second | log dam and crib built farther down 


‘The use of these log dams in the : manner described was to save 


se Ic 
xpense in in handling sufficient material +o form an ordinary earthor 
rock dam, and, as remarked before, would not be : adapted to senrenedl 


In considering the next part of the subject, the most important 


: “item of all, the water- tight lining of such a reservoir, the method 


"constructing the dam bears : an important relation to the material a 
fer lining. g. In this p portion of the work, the building of the dam and Ld 


reservoir proper, it is thought tha that the plans followed are applicable 
a‘ dam and r reservoir construction | for permanent wake < of almost any 


size, with pr proper modifications of details for local conditions. tot? ott 


Cam _ Certain facts peculiar to the locality under consideration led to > the © 


adoption o of methods almost if not entirely nev new. _ ‘There was no 


material on this r ridge that in any way could be used as ; puddle for a 

*: and the bottom and sides of the reservoir were of of earth, rotten — 

i “a To overcome all these difficulties a lining was formed of asphalt — 

_— conerete, not what i is known in the street paving business as ol 
concrete, composed of asphaltum and sand, for clean, sharp sand — 
vould have cost $20 0 per ton to deliver on the mountain, but a true 

ete was used of broken stone and asphaltum. The stone 

obtained from a porphyry dyke ne near by, which had been mai | 
broken u up by repeated earthquakes, freezing and thawing. 


stone w was broken into of ins. ana man, the fine material 
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° as it was possible to do so, the theoretically perfect concrete 
material, where every space between the pieces is filled with smaller 4 


‘STANTON ON NEW METHOD OF BUILDING a 7 

_ stones even down to fine dust, 80 that the surfaces of f each particle a 
are brought into actual contact with those next to it, and thus only 


the s smallest amount of -asphaltum ‘Was necessary to bind the whole 


together i in solid and water- tight mass. 
This concrete prepared i in two, ordinary p pans or or kettles from 


and the esphaltum paste, ste, composed ¢ | of fo four parts ts of California re refined 


asphaltum and on one part. of crude petroleum, wa was boiled in n another 
and hoes, every particle of stone, sand and dust was thoroughly 
- covered with the paste. The concrete was then taken out into hot rey 


iro n wheelbarrows in place in the usual manner, being 


rammed, rolled” and ironed or § oothed down with hot 


i ns. This concrete was put on in one layer 4i ins. in thickness, in o - 
pers from : 4 to 6 ft. in width, and where the | strips were joined, the 


old edge was well coated over with hot hot paste. After t the whole res 


voir was lined, it was painted a with hot -asphaltum paste mixed i in the a, 


same pr proportions, but boiled a much longer time, un until when e1 entirely 
it was: hard and brittle breaking under the hammer like glass, 


yet tough, ‘elastic ond pliable with the least warmth, This paint- 7 


i; ing was done while the paste was very hot and could be ironed dow 
hot ir irons. 


The results of of this w this wok & show: 


First. —For nearly tw years: it has stood during two summers 


i and d one very cold winter wit! without showing a a single cri crack pengeinne 4 in Br 


7 the’ whole structure, 


= Second. —In « one e part ‘of the e dam, w here a trench was s cut through ‘- eo 
and then filled up, before ti the lining was pat on, the bank ecttled come = 


4 
5 or 6 ins. in a strip » about / 4 ft. wide, and the lining followed the ‘aet- me 
tling, conforming itself to the new conditions without the least break. _ 


Third.—This concrete, formed and applied as here ‘described on 


slopes of one one- one-half to has so far shown no to 


one 0 dina orm 


‘ 
Before drawing some deductions from the experience deriv. ed from _ 


“this work, it will be P tor ) record one or two failures 
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STANTON NEW METHOD oF BUILDING DAMS. 


- This reservoir lining was put in by contract, and after a large part — 
owas completed, the contractor’ a“ “ practical foreman ” ‘concluded thes 
‘the fine p particles and dust used up up too much asphaltum. © 
out the consent or knowledge, end a afterwards against the protest, of 


So. 
the author, he sifted out finer particles, attem pting, in his 


over over with a heavier coating of paste, Ibis is hardly 1 necessary ary to say 


- this was an entire failure. . The paste when hot ran down into these 
_erevices and left fine holes, which of course leaked. . To remedy this 


defect water wes 3 turned in with a large amount of sand and earth. 
filled the openings: and all leaking stopped. ‘The water was” 
drawn off, the surface » allowed to dry, | and then a second and es j 


coating of paste was applied. V Wi hile i in this case the result was 


- factory for the time being, such work could not be us 


On the portion repaired i in manner a much too thick paint- 


was added, shows { the usual tendency + to creep or r slide, while i in 


case, even in the imperfect concrete under it, does this creeping g show 
in the the least, but the whole of the concrete, after ne nearly two years. , is i in 4 : 


- perfect condition and form as the it. was s put 0 on. Iti is Proper 


so-called concrete which was used in thet work was 


of clean and asphaltum, the usual composition street paving. 
"Perhaps the experience here related and the 

«First is believed that an almost perfect lining for reservoirs, of 

size and man any part of th the oountay and any climate, excepting per- 5 


haps: under the equato or, may be had by: using an asphalt concrete such 
y g 
— described in this paper, and at a cost much below ordinary me methods 4 : 


of constructing water- tight reservoirs, In this instance a lining 


‘thick wa was put on for 15 cents per square foot. 


x * See the Transactions of the American Society of Civil Engineers, Vol. XXVII, p. 629. oat 
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oN NEW “METHOD OF BUILD DAMS. 


Second. —The concrete should be formed of broken stone (not gravel | 


or sand) i in 2-in. cubes and under, with finer particles down to sand a 


article will be in contact as s perfectly as possible, — = - 


par 
thus requiri ing the use of a minimum amount of asphaltum. I If this 

— concrete i is made in proper proportions and thoroughly mixed, it can 


bes ‘80 by hot ‘Tolling and ironing as to be im- 


One. element of economy, it is from some experiments 


‘made, comes from the fact that material for such a concrete, not here 


referring to the asphaltum, can be had cheaply on any reservoir site o * 


where rock is at hand. it is not n necessary ry to. go to great expense to gpiets 
procure clean sharps sand as is usually specified for hydraulic cement — 
_conerete. ‘The finer particles may be composed of even good sandy 
loam, if clear of roots and vegetable 1 matter, provided the whole m 
is properly dried, pulverised, and used in the right proportions. 
- Third.— The pro portions and preparation of what is here called on 
pro} prep 
“ “asphalt paste” is @ very important item. It is to be regretted that F< 


the wo orks built were not of such magnitude = importance as to 


justify extended and careful experiments ot on this p point, and it is hoped 7 


that the author or some other member may have the Opportunity of of 
making such experiments and reporting them for the benefit of the 
Socie ty. The time required for ¢ ‘cooking this ixture to produce 


i 


tough, hard, ruk rubber- like material when almost cold and almost as 
br ittle as glass w when absolutely ott, cannot be given in exact figures. 


_ Of course great c care should be taken not to burn the p paste while cook “a 3 
dItis 8 believed that these two facts, the use of a true concrete 


. stead of a porous sand mixture, and a more thorough cooking of ‘the rn 


asphaltum paste, will do a away ay with nearly all of the objections to using 


for linings, especially the ereoping of the lining 


ae, down the banks, and for this reason steeper banks may be a : 
rth. .—One great advuntage thus g: ained is the possibility of f form- 


core, puddle or any water- tight method i in their formation. 
a basis of cost of the concrete such as is de- 


Ww ith at $20 per to ton, on a Tange scale, mixing ¢ and 


handling being done by machinery, such concrete can ‘be put in place 
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STANTON ON ON NEW METHOD OF BUILDING DAMS. 
ma finished 6 ins. in thickness for the same price, 15 cents per 


common labor ‘being of at $2 per day 


_ construction in large storage reservoirs. _ The uather will state that he 
already recommended the building of a storage reservoir in southern 


‘California with dam 120 ft. high on a plan which to him seems to 


“have many advantages in economy, safety and permanence. oe. The re- 
commendation without details i is as follow ; 


Te After clearing the dam site to bed-rock in the cajion, which is per- 


haps a quarter of a mile i in width at top: lev el f the proposed dam, 
rocky : sides and bottom, and | preparing proper toe “catches i in the 
ber rock, a gravity dam is to be built of loose rock blasted from the 


of the cafion and dumped i in n place by cablews ays. 
a a Care should be taken in placing the larger rocks, whichin this way 


ean be handled up to » several tons in weight, so as ote surround ( them g 
with st smaller pieces, making the mass as ‘compact as possible and 
an  duci ‘ing the amount of settling and movement toa minimum. a ‘This can can 
rq be done with but ame little extra cupense beyond a Sy stematic and 
intelligent dumping. ‘of the rock from the. grabs and buckets. 


et inner face of this dam should be laid up more carefully. ag 


to ft. at the extreme top should be placed by hand i in the form 


~~ thickness of perhaps 10 or 15 ft. at | the bottom and reduced to from 2 =" 


The joints of this hand-laid portion should be well filled with s 
the considering ti the Gizection side to aides across 


., leaving a 


series of 3-in. steps all the way ‘tot! the top of of the | nition On the ‘surface 4 


thus prepared, place a a true asphalt ec concrete perhaps 1 ft. in thickness, 


If the concrete is s properly proportioned, , well mixed and well laid, with 
_ the addition of the 3-in. there will be no 


3 
- — 
— 
= == square 

bow one would be instified in following such a mode 
— 
— 
a 
— | 

a j 
an 

— Starting from the bottom, 
— the method here recommended are believed 


a 


4 valligs aie cost, not only from the nature of the material, but 


: from the fact that the e« core would be on the outside le an and thus easily 


reached. One other source of econom} y would b be the fact that every 


particle of the material in the yon would exert its full influence i a 


none of the ‘tock between the core and the 


Second. _Such a be the fact that 
all the material ll composing i it would be practically i indestructible. ii 
mae Third. —Satety for ver very many reasons is a most important « consid 
eration. Such a structure would be absolute aly safe if the dam oe 


__ properly proportioned. No material in its construction would be 


affected by the elements, or by animals boring ime or through i. In ; 
case 0 of possible 1 leaks | by cracks from m any cause in n the asphalt lini ining, 
_ the wales coming into the dam proper would be quickly ond com- 


pletely drained away, a very de desirable result. 


— With even a number of cracks formed in the asphalt lining, there © 


would be little or no danger of a great flood consed by | the rapid en- Ba 


larging of the: opening, as has been the case in earth and even in cement 


‘through a crack i in ‘such lining would have very little effect 


in : enlarging the 0] opening. 2 From some personal ‘and severe tests the ; 
author has found thes concrete, with sand and water 


The way a would become enlarged would be by 
the peomne a of the w ater passing through it, but as the pressure would ; 
a be against the concrete, , backed by the solid veck, this effect would be 


very small. these reasons it is believed that, ¢ consi 


i 


results obtained, a method of construction would be 


= The author is aware that there are many p ne 


quantities could ant be ‘obtained cheaply. 


such an asphalt concrete, a as here described, he would not iia 


use use earth and | loose r rock i in the - construction n of the dam , and i in 


| 

3 joining can > made to the roc in the bottom of the canon and to 4 

the side walls from top to bottom. Such a lining would be perfectly 

— 
— 

— 
— 

d s where rock in such 
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where no sock bottom could be found, with perhaps some additional 
precautions, in placing the lining. Bat in the great western arid 
‘Tegion where storage reservoirs for irrigation purposes are becoming 
more important and necessary every year, rock i is the chespest — 

material to be had in almost all instances. Throughout this section 

both north and south, and also— also in man many parts of of the eastern 


author believes: loose rock ‘gravity dams with asphalt: concrete 


q lining to be the best and most economical means of securing e efficiency, + 


a The author would make one more enggneion, drawn from his ex- 


perience i in u using ng this asphalt concrete in | lining : sluicew ays. rapes 
- _ @onerete is | is believed to be the best material for lining « earth, gravel or — 


the ac tion of the is it valnable in repairing 


overflow am, ot ete. , since an an absolute union ¢ can > made 


ESS 
— 
— 
— ish with the best cement, concrete or 

is hoped that these suggestions may bring 
“the Society and others their experiences and a mcg 
criticism of the methods herein proposed. 

— 


* 
| 
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DISCUSSION. 

wW. Henry, Assoc. M. Am. Soc, C. bloc 
are used for paving are made with a concrete similar to that asta ee 
_in the paper. _ The rock is crushed and ‘all the broken stone, ranging iia 7 
in size from 1 in. to an impalpable pow der, is used. — ~The results vary 
according to the kind of rock used; with soft limestone the blockshave 


not been so satisfactory as with trap and granite, which are now em- 


_ Experiments have been made with asphalt paving mixtures, = : 


Portland cement and Rosendale cement in of ordinary 


“paper as to the of or bitumen in the. concrete. 
‘The author stated that the finer particles - may be composed of good 
sandy loam, but the speaker believed that whenever there is any clay 


a _* combination with asphalt, it tends to produce disintegration. 


a ab Tae pavements 1 it it is s rather necessary that pure ss sand should be used 


country, that ‘the best results are obtained with goudron, which i is very 
the California maltha. The best: goudron came from sandstone 
rocks in the Pyrenees, ‘but this source of supply is now. exhausted, 
a = shale oil, or Strasburg grease as it is sometimes called, is used 

instead. 7 This is a rock bitumen which flows like molasses and was 


e e . said in Europe to produce a better asphalt than that made with still 
>. - bottoms. He did not know until recently that the California bitumen 


with had been used practically and commercially i in this coun-- 


; — the asphalt to drive off the —_ oils, while it will un- 
experiment as adding lime dust. *" Whether the rte will deform or 
not depends upon its temperature; if cold enough, even the softest — 
kinds hold their made by the speaker 


ure of or tous losing its more successfully than 
drivi ‘ing off the lighter oils. 


% 

— 

i 

— 

— 

— 

— 

North 

arger proportion of clay without injury. He considered that there 

ultimate danger in using any clay in combination with bitumen _ hs a2 = Se 

‘With regard to the use of maltha, it has been found in Europe, eo == [i 

ere asphalt proper, an amorphous limestone naturally impregnated i 

iin 

— 

iii 

3 
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ON NEW “METHOD OF DAMS. 
E.—The speaker thought that — 
there might be a in rock- fill deme of the loose rock settling 
‘aw ray from the asphalt lining when the latter wa was V very brittle, thus 
breaking the water-tight coating and possibly leading to serious leaks. 
— large number of tests of asphaltic mixtures made under his direc- & 
A _ tion indicate that had the author mixed with the asphalt from 10 to is a 
15% of very finely pulverized limestone | or clay, the strength | of the : 
concrete would have been increased and its brittleness greatly 
—y creased. Ww hen asphalt pavements were first begun in this countey, 
_ experiments were made with a number of asphalts, one of the earliest — 
_ being a nearly pure Cuban bitumen. _ It was found in practice to. a 
make a very brittle pavement, so brittle that it soon disintegrated 
"under the ,horses’ feet. Further trials showed that the Trinidad 4 an 
asphalt is very well suited for that purpose, its superiority being 
_ doubtless due to some extent to the fact that it contains a large per- 


of very fine silicious and aluminous matter, which is found 


‘— 


flow « or on account of changes i in temperature a are re decreased. 
_‘The preparation of concrete with bituminous cements is not new, 
and the same principles apply to it as to the making of hydraulic o. 
cement concrete. The author is right in saying that it is desirable to 4 a 
have the n mass as nearly solid rock as possible. — The fragments o of roc a il 
_ should be of different sizes so that the smaller will drop into the 5 ie 
‘between the larger, reducing the interstitial space as much as possible, . 
and consequently the amount of asphaltum cement required. irs 
erete. of this character has been made for cinest, foundations : for a 
number of years and has been found entirely successful, although 
for that purpose not so large a proportion of bitumen is used as would — i 
be necessary were it desired to make it water-tight. The speaker 
regarded its expense as a serious matter in ‘reservoir construction. a 
_ While the cost of this lining, 15 cents a square foot, seems compara- ae 
_ tively small, it amounts to over $12 a cubic yard. Unless ae: 
4 puddling were very difficult and expensive to obtain, it isa question 
y whether an “equally good and tight dam could not be made 1 with 
 aclay puddling at a less cost. In the case mentioned in the paper it 
seemed that the material for making a water-tight lining on the inside 
of the dam was absolutely unobtainable, and doubtléss the construc- = 
tion was the best which could be adopted under the circumstances. ae : 
- With regard to the ,use of maltha in 1 place of p petroleum asa flux 
an bitumen, there is a popular but erroneous idea held by many people ~ 
interested in the sale and use of asphalts that California maltha, which a 
isa a thin asphalt of about the consistency of of ter, is is ma- 


bs 


4 


— 

— 

— 

— 

— 

— 
atory experiments that Cuban, Bermudez and Californian asphaltsin & 
their pure states are exceedingly brittle, but by mixing with them 10 4 | ik 
— 
— 
— 
— 
— 

— 
— 


terial with which to temper and soften bitumen than petroleum 
ra theory is that since asphalt is composed of two substances, petroline, een 
_ which i is readily made fluid, and asphaltine, which is practically brittle a : 
and is not soluble in certain solvents, the maltha acts asasolvent for _ 
the asphaltine and converts it into a cement equal in all respects to the 
_ petroline. Careful experiments in the laboratory will show this to be 


incorrect. is as insoluble i in maltha as 
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Ber no seal were used at the joints, it held together, even aioe: 

curves were turned. © One | of these pipes was in ‘service under a head 

of about 1 000 ft. The sheets were -}; in. thick at the upper end, =: 
increased in thickness to jin. atthe bottom. In laying such 

- pipes one end of a section is flared a little by hammering so as to form 

a socket, and the end that is to be inserted in it is drawn a little 80 as _ oa “| 
jus to enter the socket. The lengths are dipped in a bath of asphaltum 

at the shop. In jointing the lengths together a swab dipped in petroleum 

&. maltha is wrapped around the socket and then fired. The heat ex- + 
_pands the metal, the male end of the next pipe is then inserted in the 
and the pipe is driven home with a maul or battering 1 ram. .The 
same method is followed in turning curves. The jointing is done so _ 
the seam where the plate laps over the 


into the water ‘that passes the 1 main first. “This earth 
in the seams and joints, and is forced into by the press- 4 
of the water, ev ventually prev enting all leakage. 
There ly any prov ision for expansion 
- these pipes, as the divergencies from a straight line furnish a means ° A, 
a compensating for such changes in length. The speaker had found i x 
his own practice that the expansion and contraction of wrought-iron 
7 Pipes: 7 ft. in diameter and 200 ft. long was amply provided for if Shere 
Was an elbow somew here i in the length. ¥ At Rochester, for example, he ej V* 
‘ constructed a 7-ft. pipe to carry water under a head of 93} ft.; in spite yp : 
By of the fact that 1t is cooled in winter to the temperature of anchor ice, 


no leakage occurs, ening tn to an elbow that takes kes up the the expansion — =.) 


H. D. Buss, M. Soe. C C. E.—During the years 1893 and 1894, Me. Bush. 
while the was pemployed in the construction of the 


reserv: oirs, one high service ‘and on one service for each of the 
_ Willamette River, were also under construction, principally in excava-_ 
‘ten. N Three of them were lined with concrete and one with brick laid y." 
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Bush. in asphalt, all ave ard several coats of 
a ry asphalt. Reservoirs Nos. 3 and 4, on the west side of the river, were’ 
bs built i in ersvine, the hills on one side of this ravine being high and the — 

ground full of springs. Some movement of the ground in Reservoir 
No. 3 took place during construction, and a large block of concrete — 

wes placed in the bottom of the reservoir to act by its sateen in hold- fe 

When the reservoirs had been used but a short time, leaks were 2 dis. 


covered in No. 3, due to the cracking of the concrete lining, which ¥ 3 
= 


allowed the water to escape through the ground around one end of the 
dam. _ Tunnels were then driven into the e hill on & level with the 
aris of the reservoir and drain pipes” put in. The followin 
, extracts from letters on the subject from Isaac W. Smith, M. Am. Soc. 
C. E. » chief of the Portland Water- Works, and D. D. Cassie, 


and parapet wall, I youa memorandum 
Ss Mr. Clarke in relation to the asphalt coating. The Fy 
 * asphalt runs when too soft, and cracks with the — 


concrete when hard. Small ‘checks’inthe concrete 


a Fic. 1. ee _ are filled with asphalt by the pressure of water, but — 


a the asphalt breaks and is forced th rough when there is a crack through — e 


_ the concrete from settlement or other cause. As the asphalt does not 


c prevent leakage through cracks in the concrete and the concrete always - 


cracks on the slopes and bottom of reservoirs, I think it would be best — 


“¥ to place the asphalt under the concrete when the soil is solid and clay 4 = 


for paddling cannot be obtained. Isaac W. Surrz.’ 


«The first coat was of F grade ‘Alcatraz asphalt, put on 
brushes or mops while hot. This coat was about +); in. thick. After ‘, 

 ielew put on, it was smoothed with hot irons, which reduced its thick- 
_ ness somewhat. It was then sprinkled with hot sand. 
__ * The second coat was usually of XXX asphalt, but XXXX grade 
1 used on a portion of one reservoir. This coat was applied hot and ~ = 


was from } to } in. thick, being somewhat thicker on the bottom than : 4 


in 5 a on the slopes, and was not ironed, the thickness of the two coats — 
— * Some of the reserv oirs were not filled at once after the asphalt 
coating was applied, and with the first warm days that followed the © 

_ asphalt lining gan to creep or wrinkle. This prt eh until ae: 


4 

Reserv oirs Nos. 1 and 2 which showed that the 

soften and begin to creep when the thermometer indicated 90° at one — 

point and 82° at another. 

the slopes of all the except No. 1, was 

filled with water, the asphalt wrinkled badly numerous 1 sq. ft. 


reas 


— 
4 
— | 

— 
— 
the west sides o eservoirs 3 and 4, the soil back of the 
4 slopes was saturated with water from springs, andthe crack along AB 
bal (see Fig. 1) was caused by an inward horizontal movement of the sur- 
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SSION ON NEW METHOD OF BUILDING DAMS. 
in area, and over, almost entirely bare of t excepting Mr. 


= whe it was applied about +; in. thick and 4 in. on n the bottom. That e: i 
used on the slopes was made considerably harder than the coating ap- 
plied on the bottom. In a few places two coats were applied. So far i 
as observed this work has shown no signs of wrinkling, but the single © 
coat did not prove to be sufficient to protect some small cracks which 
have since appeared in the concrete lining. These cracks were small, 


_ but a second coat of asphalt should have been applied in order to_ 

re It seemed to the s} speaker that the ‘asphalt. coating as first put on was 
too thick as well as too soft, while from exposure to the sun during an 

Oregon winter the asphalt r ran down the slopes of the reservoir 


= 


Herrva, M. Am. Soc. C. E. —In the use of at Babylon Hering. 


was a mained with broken bricks and stones to form a concrete, — ina 
manner somewhat similar to that described in the he paper. . Asphalt was 7 . 
used in Egy pt, particularly i in Memphis, for keeping 1 ‘moisture out of a ie 
walls and basements. In a German pamphlet published in the early — hy 
part of the seventeenth century, mention is made of the application of ee os 
this material for various industrial purposes, and i in 1692 large quan- a 
tities of bituminous rock were re discovered in the Val de Travers, in the 
canton of Neufchatel, Switzerland. _ The first practical use made of a 
sphalt in modern times, however, was by a Greek physician, Dr. | 
. Eyrinis, who had been requested to make a geological examination of 
_ parts of Switzerland and rediscovered the Val de e Travers beds. He also 
found the beds at Lobsann, in Alsace. — Hee experimented with the ma- 
terial, and recommended its use chiefly where its water-tight qualities. 
might be utilized. There are records of cisterns 16 to 20 ft. in diam- 
eter, which were laid i in asphalt and retained water quite successfully. 
Count Buffon, the French naturalist, recommended asphalt to be used 
as a mortar in building a large basin in the Jardin des Plantes in & 
Paris, and some 40 years later he wrote that it had remained perfectly 


The Val de Travers mines were again neglected, as it seemed im- 
- possible to y accomplish : as much with the material as had been expected. a 
In 1802 the Seyssel mines were discovered, and there the rock was | 
richer in bitumen. They were not worked extensively until after 1832, 


Sassen et hold of ‘them, , and it be said that the 


= 


pat 


natural bitumen or which deposits were found in the 
vicinity. The asphalt mastic made in this way has since then been es 

used extensively for in ‘France. 


— > 


— 
— 
= 
— 
qa 
a 
— 
— 
4 — 
— 
— 
= 
— 
= 


Bross been the origin of the use of rock asphalt fers nadine, and when Z 4 
the e speaker visited the mines a few years ago, this old old roadway was" 
shown to him. Mr. Malo. developed the Sey ssel mines more fully, and, i 
with Mr. Delano, published the best information of the time about the 
industry, especially with regard to road-making. 
In 1843, asphalt mines were discovered at Si enim and Vorwohle, 
- near Hanover, Germany, by a Mr. Henning, who studied the applica-— 
‘. tions of asphalt and wrote, as the speaker believed, the first treatise on 


and advised placing it as a filling between two masonry walls 
He stated that it is an excellent material with which to cover iota 


or linen a as to keep the asphalt from 
_ the fabric if two coats are employed. He stated further that sand = j 


should always be rubbed on the esphalt surfaces, not only to increase 

the stiffness of the material, but also to give it a lighter color »which 

a reduces the absorption of heat and consequently the flowing or craw ail 

- ing of the asphalt. He ev en recommended a coat of w nihownge to pre-- 

Mr. Henning also stated that the best asphalt will lose its oily “a 

- stance i in time, and recommended that the surfaces should be painted 
with hot maltha every eight to ten years. He wrote that vertical walls 

d can be coated with asphalt to protect them against moisture, and said 

: a. that tl this should be used in the form of pure e mastic © or bitumen, with- 


coats of maltha to a thicker one. 


Subsequently there came into general notice the Trinidad asphalt, — 
which has a comparatively high of ‘bitumen, then the Ber- 


asphalt i is said to be richer and to. retain. its volatile ‘oils longer 


out any y sand. For application to reservoirs, he preferred two thin 


_ that from Trinidad. The Alcatraz mines are pated near Santa Bar- es: 


La rock is found. F purposes in Cali- 
fornia, a mixture of the two has generally been used. 
— a paper* presented to the Institution of Civil sacar cant Mr 2 


ON NEW METHOD OF BUILDING DAMS. 
Mr. Hering. §An engineer named Merian, located at the Val de Travers, ‘noticed in 
eee a -- 1849 that the pieces of rock which fell from the carts into the ruts = ee 
— 
— 
——— - ‘Travers and Seyssel asphalt contained only 8 to 12 per cent. Mr. | 
— 
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NE ETHOD OF BI BUILDING DAMS, 

- Gervaise Purcell ended a reservoir lining of three parts of gravel Mr. Her 
_ ervaise Purcell recommended a reservoir lining of three parts of gravel Mr erin 
oo a and one part of sand, to which 10% of asphalt mastic has been added. aa ees: 
4 He heated the gravel and sand: in a horizontal cylinder to a tempera-_ 

ture of 310° Fahr., added the asphalt at a slightly lower temperature, 

: and then turned the whole mass over so that the » materials were thor- xe 


oughly mixed. The mixture was tamped against the slope and not — j- 
a rolled, because the rolling was said not to compress the material suffi- + 
ciently to remove all the interstices. The speaker preferred the use of 
4 + TN rock to gravel, as the concrete prepared with it would be less — 


_ At Portland, Ore., he had examined three reservoirs having thin a 
~ coats of asphalt on their slopes, and one reservoir on which the slopes 
paved with two courses of brick dipped in asphalt. The asphalt 
; - coatings had slipped and crawled on the slopes, as shown in Plate I, Fig. i 
1, but in no case had they entirely left ' the surface of Portland 1 cement prs. 
"concrete upon which they had been 1 placed. The asphalt was applied 
in two coats, and it was intended to make the second a little harder 
than the first ; but on account of bad weather this had net been done i. 
and the crawling is | attributed principally to this fact. Ih In order to 
make the asphalt adhere to the conerete, it was found necessary to 
; apply the first coat very soft, mixed in the proportion of one part of ps 7 
. asphalt to two and a half or three parts of qnentens, and recent experi- — 
at Philadelphia confirmed this practice. ‘speaker 
a specimen of asphalt lining which had adhered so | strongly to the 7 
_ concrete that it had pulled off the cement surface when removed. ge aS re 
Sy The asphalt lining of the Denver reservoirs* was stated to have — bi - 
been unsuccessful. The material was softer than when first laid, and 
shrunk and cracked seriously where not exposed to the water. 
Much of it had crawled down the e slope, as shown i in Plate I, Fig. 2, even os 
-when under water. it was said that if there was any difference at all a 
in the contitiien of the linings, » that made with Alcatraz asphalt was 
The speaker’s obecrva- 
tions and led him to that the best metho od of 


_Water- WwW orks, 1 Ww which leaked s 80 o badly 1 when partly full that it had never — ot 
been filled entirely. The reservoir consists of a north and a south ne oe 
basin, partly in excavation and partly in embankment, the bottom of 
the basins being at an elevation of 208.33 ft. above the city datum, p. 
_ and the intended elevation of the water ‘surface 238.33 ft. The bottom > 
| ‘ and slopes of the reservoir are lined with 2 ft. of somewhat micaceous _ 


the of the American of Civil Vol, XXVII, 1%, 
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 gurface,the thinnest practicable coat of asphalt, freefrom sand, orto 
use an gsphalt concrete, as described in the 
C. Travtwing, J r., Assoc. Am. Soc. C. E.—Asphalt was used -Mr.Trautwine. 
— 
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ov 10-ft. spaces, which were afterward filled with similar slabs, and it 
seemed to the speaker that the cement used for the surface finish must 
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portion of the slope which formed a reversed curve. — Before the re- 
pairs were made, the rain that fell on the surface of this concrete was — 


fed by the horizontal cracks into the longitudinal joints between the — 
slabs, and passed through these to the clay below. ‘The clay was — 


_ softened and washed away to some extent, especially near the foot of “sf 
the slopes. Many of the slabs which were thus left unsupported at 7 
_. the lower portion of their length yielded somewhat under the weight — 

of 10 ft. of water over them, and their lower edges were pressed down _ 


92 DISCUSSION ON N — 
ee aa Mr. Trautwine. Clay, obtained in the neighborhood, which was well rammed, and _ 

a @ught to have held water when the reservoir was filled to the moderate 
depth of 10 ft., to whick it muggy subjected before the repairs were a 
begun. The clay on the sides is covered with concrete slabs 10 ft. 
q wide, 12 ins. thick at the bottom, 6 ins. thick at the top, and running 
— from the top to the foot of the slope. The first slabs were laid with _ 

— 
have varied in quality, as the slopes appear under certain atmospheric 

ae oq conditions to have alternate light and dark bands. The clay on the 

bottom is overlaid by a concrete floor 4 ins. thick, the edges of which 
the foot of the slope, 

— 

The concrete slabs on the slopes cracked across in nearly continuous” 
each " = ie. lines at heights of about 5 and 10 ft. above the bottom, except on a __ = 
— 
| 
— 
— 
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in some. cases to 1 in. “Through this space the water was seen escap- Mr. 
ing freely, even when | its depth was such as barely to cover the space. ¥ 
In some cases the rain water passed down the slope between the con- — 
erete and clay, carrying portions of the latter with it, and came up et af 
between the ‘geen and the floor, leavi ing small ‘mounds of clay within 
The repairs: were made by a concrete wall under 4 


siopes wi 


was yes ‘used in the joints larger cracks in 

‘The design of the footing wall is shown in Fig. 2. Itis 2 ft. 6 ins. é- 
wide, and runs down to a firm foundation on the underlyi ing stratum _ 

of m micaceous rock, w hich becomes more or less decomposed as it near rs a - 

= the surface. The wall is about 3 600 ft. long, and extends entirely 

around the basin. The floor was originally almost level, its inclination 
; ™ being just sufficient to insure drainage. In the new construction, it _ 
; was finished w ith a curve tangent to the floor and the slopes, the curved ia 
surface being finished with a 1-i -in. coat of equal parts of 


was to afford a support t to the ‘tent of the and this. work 
was made easier by heay y rains which fell while the trench was o open. — 
_ These undercut the concrete slabs to some extent, and it was necessary ; 
to ram the concrete with an improvized wooden tool, shaped some- Ber 
what like an adze and struck with a sledge while held the 

— 
concrete placed under the toe of the slope. 
The asphalt sages were made on both basins. 


poured on the surface to be treated, ‘which had been previously pimet 

- with a thin ¢ coating ing consisting of three p parts of the F grade of Alestras 
_ asphalt and seven parts of gasolene. The asphalt was only partly liquid, © 

and it was necessary to melt it before it could be dissolved in the 

i” ha The priming coat was allowed to dry thoroughly before the « asphalt _ 
; was applied over it, in order that all the gasolene might escape. The 
= of this priming coat was found to be of the utmost importance. — 


‘ 


| surface of the cement concrete, breaks ot off 


the outset, seams were give en two “coats of asphalt with 
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ON NEW METHOD OF BUILDING DAMS. 

‘Mr.Trautwine. the time to carry it out. It was also found the burlap, 

not being ‘anchored at the top, , had a tendency to 

= slopes and to buckle near the foot. In the basin pt the footing © 
wall was not used, the melted asphalt was applied over a width of 
about 1 ft. on the slope and on the floor, extending each way from the 
joint between them, and special pains were taken to secure a consider- 


of saphalt and sand about it was pesinor with the melted asphalt, 4 
‘e which was made to cover all the joints of the new surface. Two or 
three large cracks in the concrete floor of each basin were filled care-— 
fully with mixture. it necessary to have cracks q 


ae the repairs were begun, | the reservoir lost water from all =a 

causes at the Tate of about 0.4 in. a day from one basin, and 0.9 in. = 
ai from the other, under a head of 5 ft., ., while. since the repairs, the total — 
loss under the same head amounts to from 0.1 to 0. 25 in. oath ey ee 


CORRESPONDENCE. 


Le Conte. J. Contr, M. Am. Soe. C. E. .— Asphalt lining for new r 
iw. ° -voirs and for repairing old leaky ones has been in use for many years 
- in California and adjoining States. The results obtained so far are 
_ most encouraging. _ For the bottom and side-slopes flatter than 14 to 
1, the best mixture is either asphalt mortar or asphalt c concrete. Its is 
the cheapest and best lining, and there is no danger of it crawling 
_ down the slopes. For steeper slopes up to vertical faces, this kind a 
. of lining has been tried and found wanting in many respects. Under | 
a hot summer sum it will creep down the faces in spite of all precau-— : 


- Steep slopes or vertical walls are now coated as Sollowe: First, with a 
cold liquid asphalt paint)w hich has great penetrating and adhesive prop- 

/ howd but is lacking i in sun-proof qualities; second, with a » heavy layer 


of ordinary is "stretched and Pressed into this 


— 
4 
— 

able thickness of the asphalt at the joint itself. in the second basin, 
i 
ried and carried on at times in weather which it was feared might 
prove later to have been too damp. Two methods were accordingly 
a adopted to dry the concrete locally. The first wasthe use of gasclene 
- torches, and the second was the use of gasoline stoves, such as 
are used for softening asphalt pavements in repairing streets. This 
of stove consists of a sheet iron shield or reflector placeda few 
— 
— 
— 
— 
— 
— 
— 
— 
ag 

— 


‘this lining has been used, no ) signs of creeping have panies even ¥ 
on smooth vertical faces. - Hard asphalt paint is lacking in adhesive 
qualities, and consequently cannot be placed directly on the slopes. 
The contract price for this lining has varied | from 12 to 16 cents per 
square fc foot, depending upon local 
Dry-stone dams have been in use in California for storage purposes, __ 
in mining districts, during the past 30 to 35 years. _Asketch of the sy 
_ characteristic section is shown in Fig. 8. These dams require about 
three times the cubical quantity of stone which would be called for i in 7 
8 properly designed masonry dam, but the first ‘cost, | $2 to $3 a acubic . 
: yard in place, is so low that in many places they have performed a ' 


most useful purpose. These dams are lined on the side with 
plank, sometimes with two thicknesses, inall 
cases is solid rock free from fissures. 
7 hile it is proper to give these dams full credit for all ale and a 
_ present usefulness, yet it is hardly right to call them perfectly ie 
and permanent. Past experienceshows clearly that whenever aserious — MP 


leak develops, or should the dam be overtopped by flood waters, the 


_ dry-stone structure will be literally blown > away, like chaff before ae 
wind. . After the failure of the English dam on Yuba River, in Cali- 
5 fornia, i in June, 1883, not a vestige of stone was found for a distance a : 
1 500 ft. below ‘the site of the and all large sto: stones used in con- 
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paint, put on boiling hot. This constitutes the weather coat, and is Mr. Le Conte. q 
= 

| 
ia 

2 
q 
a a 4 
te 
_ ably they were ground into smaller fragments.* = 
See the Transactions of the Technical Society of the Pacific Coast, Vol. II, p. 3. = 

— 


r. Le e Conte. The author’s suggestion of substituting asphalt concrete in 
cae the wooden planking as a water-tight lining for the up-stream face of 


f 


_ suitable for large storage reservoirs in remote districts where civ- } 

- ilization 1s not likely to encroach upon the valley below the site, . 

They are cheap, prac ctical and within certain limits reasonably Safe, 

_ but like earth dams they require constant supervision and quick © 

Mr. Davis, A. P. Davis, Assoc. M. Am. Soc. C. E.—In 1894 the writer was as- 

sociated in the formulation of plans for a large irrigation s “system in S 

California, in which canal velocities of from 8 to 12 ft. per second 

were required, and it was decided to line the canals with concrete, — 


7 it is better construction. This type of dam is eminently | 


composed of sand, broken stone, and sufficient asphalt of high grade — 2 ; 


_ to form a good bond. 1 It is gratifying to find that the author’s experi-— 


ence s so emphatically vindicates that decision. The s side slopes of the 


ee were to be 1to 1. In the same project were included the plans 
for a rock-fill dam 120 ft. in height. The construction here recom-— 
7 mended was similar to that described in the paper, except that the 
tight face of the e dam was to be 2a double ‘floor of redwood, — 
fastened to timbers built in the rock and properly calked. . An asphalt 
- eonerete facing was carefully considered, but reluctantly abandoned, © 
In the absence of "satisfactory evidence to the « ‘contrary, it was 
thought that a sheet of asphalt concrete of such magnitude would be — 
sure to creep sufficiently to impair its efficiency seriously, unless the — 
_ slope were made so much flatter than demanded for a timber face as to 
enhance greatly the ec cost of the rockwork, and, even then, the he cost: of 
repairs, owing to the | difficulty of access to the site of the dam, would 
be so great as to render new experiments rather hazardous. It is to 
be regretted that the outhor omits to state the slope on which he ex- 
pected | his ‘‘outside core” to stand without creeping, and on what — 
mendation of 1 ft. thickness is excessive, and tends to increase the — 
_ danger of creeping, by removing a part of the load a ‘greater distance — 
its bond with the rough rock facee 
i is an i important question in the arid ‘southwest, and further 


experiments he based his expectation. It would seem that his 1 recom- 


4 light on the subject is badly needed, especially : as to the greatest slope 
_ at which it is possible to place this concrete safely without impair- ei 
f ing its adaptability to the settlement of its backing. . As to the exact a x 


he _ composition of the concrete, and the time and method ¢ of cooking, it — 
would s seem to be necessary to make experiments for each individual 


Cail 


= and even for each consignment of asphalt, as the com- 


and properties of even the best asphalts 


- the dam seems to be reasonable, but experience alone can deterniine 4 


4 
— 
q 
— 
ay 
4 


CORRESPONDENCE ON NEW ‘METHOD OF BUILDING | DAMS. 


_ ers Cummines, Assoc. M. Am. Soc. C. E.—In preparing the Mr. Cummings: 
design for the floor of a large dry dock, where astrong and dimpervious . a 
but inexpensive construction was ‘required, the writer contemplated 
: using an asphaltic concrete floor as shown in Fig. 4. No data was at — 
ny a hand concerning the strength of such a concrete to resist the hydrostatic we 
pressure, or how it would act as a monolith under temperature stress, 
or what its length of service would be when alternately wet and dry. — 
q It was assumed that the flexibility of an asphaltic concrete was greater 7 
than that of cement concrete, and that this would render it less liable ce : 
= to crack where it was attached to the piles and timber framing. Italso | ne 


to have other | its ‘suitability 


The the piles and framing a are flush with the top 
the broken stone. Over the top of the broken stone, piles, and timber _ ” 


FLOOR OF DRY DOCK SHEET ASPHALT FLOOR OF DRYDOCK 


& 


framing, is laid aNo. 6 wire enctting 6-in. meshes. “This netting 
been prev iously dipped in boiled coal tar. is then 
fastened by staples to the piles and timber framing. _ The netting is — 
_ introduced to add id strength and to act as a binder to the asphalt finish- 
The specifications | of the ‘asphalt finishing ‘course are the 
"are used for ordinary street paving. The writer believesthatthis floor _ 
_ admits of being modified to suit the ] lining of reservoirs. * He desires _ 


2 also hat is asphalt linings 
Z at the water line in reservoirs after two or three years’ service, also 
7. Ropert BREWSTER M. Am. Soe. C. E. —Before considering Mr. Stant 
of the points brought out in the discussion of his paper, the 
: author desires to state that it was not his intention to claim as a 
or even new either a rock-fill dam or an asphalt lining for reservoirs; _ 
but if there was anything really new in his suggestions it was the -_ 3 og 
¢ombination of the several items for storage r reservoir ir dams, and especi-_ 


4 
ease relief from hydrostatic pressure is partly obtained by drainage ge = (7 
iii 
=e 
j 
| 
4 
— 
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4 
>= before been used for such purposes. It is. certainly of advantage to 
have drawn out some information from the experience ¢ of other engi- 4 
neers and such historical facts as given by Mr. Hering. -Itis to be re- 
gina, however, that others have not given facts and dataintheir 
possession for the benefit of the Society, 
A number of members and others during the past few years have 
made extensive and valuable experiments in the use of asphalt (especi 7 
ally in the amount and proportion necessary for a perfect mixture) at 
also in the construction of modern rock-fill dams. The author per- 
- canal requested several of them to give their data and experience in — 
the discussion of this paper, and regrets exceodingiy ( they have not 
Mr. Hering’s historical facts are both interesting and q 
Tt is very gratifying to learn that the large basin in the Jardin des __ 
Th Plantes i in Paris, built with asphalt, remained perfectly water- 
— tight for 40 years,” and, if the opinion quoted from ‘Mr. Henning be 
correct, that the best asphalt \ will lose its oily substance in n time, and 
_ should be painted with hot maltha every 8 or 10 years, it is a strong 
argument for the outside core suggested in the paper. 
as _ One of the most remarkable uses of asphalt for the core of a dam is 


in the work dese ribed by Mr. Skinner, in the discussion of Mr. V n- 


4 Buren’s paper on ‘‘High Masonry Dams.”* The author very recently — ql 
visited and carefully examined the dam there referred to, then being — 
¢ built in Southern California. It is not the intention to discuss that 
__ work, except 80 far as as the the asphalt used forms the entire effective core of a | 
the dam, and shows most questionable engineering pre practice. 5 
_, described by Mr. Skinner, this dam is a loose rock-fill dam, and when > 
- eompleted will be 130 ft. in height. In the center of this is placed “3 

core “‘ of thin riveted s steel plates" } from No. 0 to No. 3 Birmingham — 

“a gauge. _ As each course of - plates i is calked and completed it is s coated — 
_ with a special preparation of asphalt (pure, soft Alcatraz asphalt). E 
ae is then placed over the top edge and on each side of the ae 
steel, and a coat of (pure, hard Alcatraz) asphalt put over it, making © ae 
two coats on each side of the plates. _ On each side of the web built up = 

in this manner is a 24-in. (to a 12-in.) hydraulic cement concrete wall,” - 

with the rock-fill dam built against it. This is called a steel core, but 4 

looking at this dam as a permanent structure (and it certainly should 
be permanent, built as it i is 5 at no of a a large agricultural vale 


i. The concrete walls on either side of the steel can in no way be ‘ 
fq pended upon as part of a water-tight core, subject as they are to the 
i. strains from the settling of such a rock-fill dam, and being in . an earth- 


the | Francastions of the American Society Civil Vol. XXXIV, p. 506. 
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y- This concrete is s placed in the manner and position M 
_where it is, simply to protect the asphalt from injury by the filling in ~ 
and settling o of the rock against: ms The steel itself, with the water in — 
contact with it (without the asphalt), would have but a limited life, ‘a 
especially in consideration of the nature of the soil and waterin South- © 
a ern California, from 7 to 10 years at‘the most. Hence, as a perma- 
nent structure, the water- -tight core of this. dam consists of a sheet 
a of asphalt and burlap, s say } in. in thickness, , standing vertically in the h 
center of a rock-fill dam, this sheet of asphalt being supported i in 1 place 7 


Se _ The engineering defects of constructing an asphalt core inthis man- 


First.—The entire want. of certainty in the permanence (beyond a 
few years) of such a thin sheet of asphalt in a vertical ‘Position in a 


. 4 Second. —The placing of such a core, both steel and asphalt, where, a 
i neially speaking, it is beyond the possibility of being repaired. 
7 ee Third.—The absurdly excessive first cost of such a core, which ails 
- to the present time, has been more than five times what it would have 
_ been to put on an asphalt concrete face, such as suggested in the paper, 
It is gratifying to state that the engineer in charge of this work is not _ 
os - responsible for the defects of plan or the great cost of the work. This 
_ belongs to the president of the company, but in the execution of the — 


details, the engineer has shown — ability and a conscientious © 


Thar are thee nature and proportions of the concrete used. ge a 
it author regrets, as stated in the paper, that he cannot give more detailed | 
data. ta. From some statements made by members of the Society i in this 
ta : “discussion, he is more than conv inced that the profession i is in need of | 
careful experiments and well kept data upon this subject. The fol- 2 


lowi ing quotations illustrate this point. Wt 
Mr. rth ‘* believed that whenever there is any clay in combina- © 
w vit asphalt it tends to produce disintegration.” 
—— Mr. Whinery says ‘‘ that had the author mixed with the asphalt 10 oe 
to 159% of pulverized limestone or clay, the strength of the concrete 5. 
Mr. North says ‘that the. addition n of lime dust or, perhaps better, 
hydraulic cement ‘would keep any mixture of asphalt or bitumen from 
Mr. Henry says that from made, ‘‘it is uncertain 
whether t there i is any adv antage in such 6 a practice, ” that is, in adding ; 
a The author does not presume to decide aeuin such authorities, : 
ie does express the hope that much | more definite and reliable data — 
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half years. & 


Second. Permanence. r. Le Conte thinks the author claims too 
much for the permanence methods suggested. What he says as" 
to the power of w water in w ashing aw away great bow Iders of several tons’ 4 
a _ The possibility of such a contingency as the stream ov verflowing a * 
~ rock- fill dam is not to be considered. Means to prevent this posi- 
tively should be one of the first provisions in the plan. The construc-— 
_ tion of an earth dam like that across the Pecos River above Eddy, New 
Mexico, which the author ¥ visited last st summer, where a lake is formed 
covering 8 331 acres, and containing 45 000 000 000 galls. of water, 
- would be worse than a mistake, it would be a crime, except for the | 


Jf Waste ways provided above the dam, with an aggregate cross- -section 
area ten times that of the dam and 10 ft. . below its crest. 
The following facts may throw some light upon the permanence 

of asphalt concrete. In connecting the bed-rock cut with the sluice > 


of the hydraulic mine, _ described | in the paper, the space A (Fig. 6), 


asphalt 
_ of water mixed with sand, gravel and pis broken valk: during the 
= _ This work had no perceptible effect upon the asphalt concrete, ; 
_ while the iron in the bottom of the sluice was cut away, and the solid — 
: granite above the concrete was w orn 1 down to a a depth of 3 ft., the full 


a thickness of 1 ft. of cone ; 
material to fill up the unevenness of the rock slope, and the 3-in. off oe | 
sets. From 4 to 6 ins. of asphalt concrete is entirely sufficient as = 
water-tight material, | but it is believed that a thicker coating y would ; 
cost less than the amount: necessary to form a smooth surface of rock 

_ or cement concrete to place the asphalt upon, and a broken stone 


asphalt concrete properly f formed and equine will not creep. Pe 
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Third. —Definite figures have been asked for as to cost of: any fll 2 
dams. _ The prices given by Mr. Le Conte of $2 to $3 per cubic yard “a 
must have been of ‘those dam: dams built 30 to 35 years” / ago to which he 
refers. . The following figures are of a recently y constructed dam 


"Southern California where modern machinery and 


“the consisted of one Lidgerw ood with three derricks 


4 on the dam for distributing and placing rock. Quarrying was was done by 
exploding several tons of powder in drifts and shafts, thus breaking» 

up from 25 000 to 30000 cu. yds. of rock by one shot. The total 
; _ amount of rock in the dam was about 120 000 cu. yds. The first cost | 
the plant was $12 000 in round figures. The cost of the rock in place 

Was as follows : 
: ae? “4 

cents per cubic yard. 


66 


Placing rock on dam....... ca 


This includes all repairs, por the total destruction of the whole i 
plant inthisone pieceof work, 
_ There are local conditions at this particular point where, if proper — 
yt forethought had been used, this price could have been reduced at least5 
na cents per cubic yard, and whatever value there 1 may be at the conclusion y 
:. of the work in the cableway, the boilers, engines, etc., would still fur- 
ther reduce the cost per cubic yard. The engineer who has so success- , 
fully carried on this work, under some very trying conditions, deserves — 
the greatest praise for the skill, thoroughness am and with which bh 
The author is aw are that there are places where rock-fill dams _ 
a might be advisable, where these figures would be far too low, and yet 
he is also acquainted with valuable reservoir sites where rock-fill dams 
= be built (not including preparation of foundation) for 35 cents = 


% eubie yard, with the asphalt concrete face or outer core not to exceed a 
2 20 cents per square foot. Even with the extra large cross-section — =e 
= 


necessary it would appear that i in the section of the great arid West espe-— 
cially referred to in the paper, if not elsewhere, this mode of building 
“reservoirs would be both and | 


<i 
a tanto. 
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